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(57] ABSTRACT

A novel photometric circuit for a camera is disclosed
wherein the operational amplifiers common to conven-
tional photometric circuits are eliminated from that part
of the circuit which solves the exposure Apex indica-
tion equation: Sy+By=A4,+T,. The variable resistors
which are used to convert the film sensitivity and apera-
ture settings into electrical quantities are positioned in
the feedback circuit of the transistor which is connected
to the electro-optical transducer and which develops a
voltage dependent upon scene brightness.

3 Claims, 4 Drawing Figures
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1

PHOTOMETRIC CIRCUIT
This 1s a continuation of application Ser. No. 679,587,
filed Apr. 23, 1976, now U.S. Pat. No. 4,106,035.

BACKGROUND OF THE INVENTION

The present invention is in the field of photometnc
circuits for cameras and the like. |
It is well known in the art to provide photometric
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circuits in cameras or the like for determining the re--

quired film exposure time depending upon the condi-
tions of film speed, lens aperature setting and scene

brightness. The determination is made in a circuit which

electronically calculates the Apex indication value Tv
according to the Apex indication formula:

Sy+By=Ty+A,, . :
. where S,, B,, and A, are the Apex indication values for
film sensmwty, scene brightness, and lens aperature
opening, respectively. . |

The conventional photometrlc mromt utilizes a plu-
rality of operational amplifiers and precision wide range
variable resistors. This causes several drawbacks which

will be explained in greater detail below. An example of ,

a conventional photometric circuit is shown in FIG. 1.

In the circuit of FIG. 1, a variable resistor 1, which
can be set in accordance with the film sensitivity, and
diodes 2 and 3 are connected in series with an electric
power source 14. The junction of variable resistor 1 and
diode 2 is connected to the input of an operational am-

plifier 4 constituting a voltage-follower circuit. Another

- variable resistor 11, which can be set in accordance
with the aperture setting, and diodes 12 and 13 are also
connected in series with the electric power source 14.
The junction of variable resistor 11 and diode 12 is
‘connected to an input of another operational amplifier
10 constituting a voltage—follower circuit. A photoelec-
tric element S, adapted to receive light from the scene,
is connected to the collector of a transistor 6 having an
emitter connected with the output of the operational
amplifier 4. A high input resistance operational ampli-
fier 7, constituting a voltage-follower circuit, is con-
nected between the collector and base of transistor 6,
thereby forming a feedback circuit. An integrating ca-
pacitor 8 is connected to the collector of another tran-
sistor 9 having a base connected to the base of the tran-
sistor 6. The emitter of transistor 6 is connected with the
output of the operational amplifier 10.

The operation of the above described circuit is well
known. The values of the currents and voltages are such
that the voltages Vg, V4, and V pcorrespond directly to
the apex-indicative values B,, S,, and A, of the bright-
ness B of the object, the sensitivity S of the film, and the

aperture A of the lens, respectlvely Therefore Ve,
which satisfies the mrcult equatlon |

Ve=Vp+(V4—VD)

is equal to a voltage corresponding to B,+S,—A,, that
15, corresponding to an apex-indicative value T, of the
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exposure T. Because of the base-emitter voltage versus

collector current characteristic of transistor 9, the col-

lector current of the transistor is inversely proportional

~ photoelectric element 18,

2

the energization of the electromagnet coil 17 is termi-
nated. The time period starting from the opening of the
timing switch 1S to the termination of the energization
of the coil 17 is thus proportional to the value T calcu-

lated as described above, and constltutes the exposure

period of the camera. -
-However, the aforesaid photometne circuit has

~ drawbacks as follows.

(1) The composition of the operatlonal amphﬁers 1S
complicated and the cost of the circuit is therefor high.

(2) Because of the threshold voltages of the opera-
tional amplifiers and the transistors, a relatlvely high
voltage power source must be used.

(3) Because of the operational amplifiers and the vari-
able resistors 1 and 11, the current consumption of the
circuit is high.

(4) Because of the wide varymg ranges of the varlable
resistors, corresponding to the aperture of the lens and
the sensnwlty of the film, the production of the variable
resistors is difficult.

- SUMMARY OF THE INVENTION

Accordmg to the present invention, the above de-
scribed difficulties of the conventional ClI‘Clllt can be
eliminated.

The photometric circuit of the present invention
eliminates operational amplifiers in the calculation part
of the circuit and operates on a different principle. The
variable resistors provided to convert film speed and
aperature settings into electrical quantities are provided
in the feedback circuit of a log compression transistor
that has its collector fed by current from the optical
transducer that senses scene brightness. A constant
current source i1s connected to the variable resistors and
the current value is selected so that the voltages there-
across represent the apex indication values for the film
sensitivity and aperature settings. A log expansion tran-
sistor has its base and emitter connected in a circuit loop

“with.the base-emitter of the log compression transistor

and the variable resistors. The base-to-emitter voltage
of the log expansion transistor is thus dependent upon
the apex indication value T, of the exposure time.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a circuit diagram showing a conventional
photometric circuit.

FIG. 2 is a circuit diagram for explaining the basic
principle of the present invention. .

FIG. 3 is a circuit diagram showing a practical exam-
ple of the photometric circuit according to this 1 Inven-
tion.

FIG. 4 is a graphical representation of the character-
istics of an FET

- DETAILED DESCRIPTION OF THE
INVENTION

The fundamental principle of the invention will now
be described with reference to FIG. 2. The collector of
a log compression transistor 19, which is connected to a
1s feedback connected

- through a buffer circuit 20 and variable resistors 21 and

to the exposure time T. When a timing switch 15 of the

camera 1s opened, the integrating capacitor 8 begins to
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charge and current flows through a coil 17 of an elec-

tromagnet. When the voltage across capacitor 8 ex-

ceeds the threshold voltage of a switching circuit 16,

22 to the base of the same transistor 19. A current from
a constant current source 23 flows through the variable
resistors 21 and 22. The output of the buffer circuit 20 is

- further connected to the base of a log exparnsion transis-
tor 24 whose collector is connected with an integrating



3

capacrtor 23. Numeral 26 deslgnates a constant voltage '

source.

‘The operation of the above descrlbed ClI‘Clllt accord-
ing to this invention is as follows. Since the collector of
the compression transistor 19 receiving a light-respon-

3

sive current iy’ from the reverse biased photoelectric

element 18 is feedback connected to the base of the
same transistor, the base-to-emitter voltage Vg of the

transistor has a value dependent on the current i,’. That
iS, , |

iy | o - ..'(2)

T
Ve log -}-:;- + VBE(o)

where,

q: electric charge of an electrode,
K: Boltzmann’s constant,
T: absolute temperature,

V BE(i,): base-to-emitter voltage of the transistor 19 at
the time of the collector current belng o The relation
between the light-responsive current i,’ and the apex
indicative value B, of the bnghtness B of an object to be
photographed is expressed as -

np '=ipg2Bv (3)

where, ipp is ltght-reSponswe current at the time of
B,=0. | |

Thus, the base-emitter voltage of the compression
transistor 19 can be expressed, |

. .:'. ; KT I.PO | . .I ’ .
Ve — 28" + Vapiy

| 4)
log -

The variable resistor 21 is selected to be related to the
apex indicative value S, of the sensitivity S of the film,
and the variable resistor 22 is selected to be related to
the apex indicative value A, of the aperture A of the
lens. Thus, assuming that the resistances of the variable

resistors 21 and 22 are Rjand R, they can be expressed
by the followmg equations: |

3—1=_RS.. s, (5)

Ry=Rs{(N—Ay). (6)
where, Rg is a resistance value corre_sponding to one
step of Sy and A,, and K is.a constant.

The current value i 1s from the constant current source
23 is set as follows,

is=(KT/q)(1/Rs)log 2 ()

Therefore the voltages Vgand V pappearing across the
variable resistors 21 and 22 are expressed,

Ve=KT/gSylog 2 - (8)

VP=KT/q(N—Aylog2 (9)

On the other hand, the relation between the base-
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emitter voltage Vg of the log expansion transistor 24
and the collector current ic of the same (in the case

where the base-emitter voltage versus collector current
characteristic of the expansion transistor 24 is assumed
- to be equal to the same eharaeterlstle of the compres-
sion transistor 19) can be expressed as,

65
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ic (10)

log - + 4 BE(i0)

V.._
H="4

The relation between the apex-indicative value T, of the
exposure time T and the collector current ic of the

expansion transistor 24 is indicated by the following
equatlon

ic=ico2™ (11)
where, ico is the collector current of the expansion
transistor at Ty=0. Thus, the base-to-emitter voltage
VH of the expansion transistor 24 can be expressed,

K'r (12)
q

ico

Vi log — - 2¥ + Vprio)

L
nle—

On the other hand, using the base-to-emitter voltage

Vg of the compression transistor 19, and the terminal

voltages Vg and Vrof the variable resistors 21 and 22,
the base-to emitter voltage Vg of the expansron transis-
tor 24 can be expressed as,

VH"—‘ VE+VF+VG (13)

Substituting equatlons 4), (8) 9), and (12) in Eq (13)

the following equation can be obtained,

1 iCO (14)

B+ 8= 4= T) = eeT (08 o

)

In order to allow an apex operation of T,,--Bp+ Sy—A,,
the following relatlonshtp must exist:

tco= ipo2N (15)
Thus, the theoretically correct operation of the photo-
metric circuit according to the present invention can be
achieved by finding a value of N satisfying the equation
(15).

A practical example of the present invention will now
be described with reference to FIG. 3. A feedback con-
nection is provided from the collector of log compres-
sion transistor 27 to the base thereof through a source
follower circuit, formed by an FET 29 and a resistor 30,
a transistor 31, whose emitter is energized by a transis-
tor 36 constituting a constant current source, and vari-
able resistors 32 through 35 connected to the emitter. A
photoelectric element 28 is connected between the col-
lector of transistor 27 and the source electrode of FET
29. Variable resistor 32 is provided for adj JllStlIl g an
indication on a meter 42, variable resistor 33 is set in
accordance with the sensitivity of the film, variable
resistor 34 is set in accordance with the aperture of the
lens, and variable resistor 35 is used for adjusting the
exposure time. The base of the transistor 36 is connected
with the base of a transistor 39, which is connected to
form a diode. The collector and base of transistor 39 are
connected to the gate of an. FET 37, and a self-biasing
resistor 38 is. connected between the gate and source
electrode of the FET thereto.

- The meter 42 is connected between the junction of a
resistor 40 and another diode connected transistor 41,
and the emitter of the transistor 31. The resistor 40 and
transistor 41 are series connected across a power source
30. The junction between the variable resistors 32 and
33 is connected to the base of a log expansion transistor
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45, and the collector of transistor 45 is connected to a
timing switch 43, a capacitor 44, and an inverting input
terminal of a comparator 48. The junction between a
zener diode 46 and a resistor 47, both connected in
series across the power source 50, is connected with the
non-inverting input terminal of the comparator 48. The
output of the latter is connected to a coil 49 of an elec-
tromagnet. '

In operation, the voltage V; between the base and
emitter of the transistor 27 is at a value, as will be appar-
ent from FIG. 2, dependent upon the light-responsive
current in the photoelectric element 28. The collector
current of transistor 36 (constant current) must be set at,

is=(KT/q)-(1/Rg)log 2 (D
as explained above. This is accomplished by the connec-
tions provided in FIG. 3. If transistors 36 and 39 have
‘the same characteristics, the collector current isof tran-
sistor 36 would become constant current equal to the
drain current of FET 37, i.e., the collector current ip of

transistor 39, because both transistors 36 and 39 must
have the same base-to-emitter voltage. The current ip
can be controlled so as to be proportional to the abso-
lute temperature T, as required by equation (7), by
properly selecting the FET 37 and resistor 38. The
gate-to-source voltage Vgs versus drain current Ip
characteristics of the self-biased FET 37 are shown in
FIG. 4. Assuming the resistance value of the resistor 38
1s R3 and finding in FIG. 4 the intersecting point be-
tween a load curve thereby formed and a characteristic

curve at 20° C. of the FET 37, the drain current Ip; of

the FET 37 under desired conditions can be obtained.
As indicated in equation (7), it is required that the drain
current of the FET 37 have a temperature characteristic
proportional to the absolute temperature T. As will be
apparent from FIG. 4, such a requirement can be easily
satisfied by changing the value R3 and by selecting the
characteristic of the FET suitably. Thus, by the use of
two transistors 36 and 39 having an equal base-to-emlt-
ter voltage versus collector current characteristics, a
constant current source providing a current equal to the
drain current Ip; of the FET 37 can be formed at the
collector of the transistor 36. -

The terminal voltages Vr and Vg are obtained across
the variable resistors 33 and 34 which can be set in
accordance with the sensitivity of film and the apera-
ture of lens, respectively. The variable resistor 35 which
can be set in accordance with the exposure time is ad-
justed thereby to obtain N satisfying the equation (15).
When all the above described conditions are satisfied,
the collector current of the expansion transistor 45 real-
1zes the right exposure of the camera.

The magnet 49 i1s energized while the timing switch
43 closes, and when the timing switch 43 is opened, the
capacitor 44 is charged until the charged voltage
reaches the terminal voltage Vp of the zener diode 46.
Upon reaching the terminal voltage Vp, the energiza-

tion of the magnet 49 is terminated. The detailed de- ¢,

scription of the relation between the timing switch and
the magnet in the camera is omitted because it is well
known 1n the art. | .

The terminal voltage Vg across the meter 42, con-
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Vo=Vo+Vy—Vy (16)
In the equation (16), since Vo is proportional to the
apex-indicative value T, of the exposure time T, the
meter terminal voltage Vg is in proportion to Ty. The
level of the meter 42 can be arbitrarily adjusted by the
voltage V,, generated across the meter adjusting vari-
able resistor 32.

As will be apparent from the above description, the
photometric circuit composition can be extremely sim-
plified by the present invention, and a substantial reduc-
tion in the cost of production of such circuits can be
realized. The circuit can be operated at a lower voltage
with a lower power consumption and has a good tem-
perature characteristic and a good reduced-voltage
characteristic. Furthermore, in production stage, the
circuit exhibits further advantageous features since the
adjusting and variable resistors of the circuit can be
located in a single area.

What is claimed is:

1. A photometric circuit for electronically determin-
Ing proper exposure time based on scene brightness,

film sensitivity and aperture settings, said circuit being
of the type having a photoelectric transducer for devel-

oping a current dependent upon scene brightness, a first
transistor having its collector connected to said photoe-
lectric transducer and its base connected to its collector
by a high input impedance collector-to-base feedback
circuit for developing a base-to-emitter voltage related
to the apex indication value B, of the brightness B of the
scene, a pair of variable resistors for setting the film
speed and aperture values into the circuit, respectively,
and a second transistor for developing an exposure
control current at its collector in dependance upon the
voltage applied between its base and emitter, the im-

provement comprising,

said variable resistors being connected in series with
each other and in the feedback circuit between
collector and base of the first transistor, constant
current source means connected to said series con-
nection of said variable resistors for providing a
constant current to said variable resistors having a
value which causes the voltage across said resistors
to be related to the apex indication values S, and
A,, respectively, and said second transistor having
its base-emitter circuit connected in a circuit loop
with said variable resistors and said base-emitter
circuit of said first transistor.

2. A photometric and operational circuit as set forth
in claim 1 wherein said constant current source means
provides a current having a value such that the temper-
ature characteristics of the voltages thereby created
across the variable resistors per one step of the exposure
determining factors, respectively, substantially satisy
(K'T/q) loge2 (wherein K is Boltzmann’s constant, q is

- the electric charge of an electron, and T is an absolute

temperature).

3. A photometric circuit as claimed in claim 2
wherein said constant current source means comprises,
a third transistor having its collector connected to said
series connected variable resistors, its emitter connected
to a source of reference potential, and means for provid-
ing a voltage dependant upon the absolute temperature

nected between the collector of the transistor 41 and the g5 connected to its base.

emitter of the transistor 31 is expressed as

* & 0k k¥
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